Introduction
============

Rhabdomyosarcoma (RMS) is a type of tumor formed from embryonic precursors of the striated muscle lineage, due to aberrant differentiation during embryonal development.[@b1-cmar-10-4181] It is the most common soft tissue sarcoma, accounting for \>50% of soft tissue sarcomas in childhood and adolescence.[@b2-cmar-10-4181]

RMS can affect almost any anatomic site of the body, but it commonly manifests in the head and neck (28%--40%), genitourinary system (25%), and extremities (19%--20%).[@b3-cmar-10-4181]--[@b5-cmar-10-4181] RMS has a poor prognosis and unclear prognostic factors. The primary treatment of RMS includes chemotherapy, surgery, and radiation. Identifying prognostic factors of RMS may help in optimizing treatment protocols. Many studies have reported prognostic factors for RMS of the head, neck, and urogenital system.[@b6-cmar-10-4181]--[@b13-cmar-10-4181] Oberlin et al[@b14-cmar-10-4181] analyzed prognostic factors of RMS of limbs in children and adolescents from four international cooperative groups, including tumor invasiveness, tumor size, lymph-node involvement, and initial surgery completeness. But prognostic factors for RMS of the limbs after surgery have rarely been reported. Thus, a large population-based study is important for identifying the prognostic factors for postoperative survival among patients with RMS of the limbs.

Materials and methods
=====================

Data of patients diagnosed with RMS from 1983 to 2013 were extracted from the Surveillance, Epidemiology, and End Results (SEER) database. The SEER database holds only anonymized data, which are freely available. We used a SEER\*Stat (version 8.3.5) Case Listing session to generate a matrix of all individuals diagnosed with RMS in the database. A selection query was designed to retrieve all RMS cases based on the ICD for Oncology, version 3 (ICD-O-3) histology codes. This involved the following: RMS, not otherwise specified (NOS) 8900/3; pleomorphic RMS, adult-type 8901/3; mixed-type RMS 8902/3; embryonal RMS 8910/3; spindle cell RMS 8912/3; and alveolar RMS 8920/3. The site codes were C49.1 (upper limb and shoulder) and C49.2 (lower limb and hip).

All included patients have been diagnosed by histological confirmation based on biopsy or surgical pathology. The other exclusion criteria were as follows: unknown SEER tumor stage, unknown tumor size, and unknown therapeutic information.

SPSS statistical software (version 21.0) and Microsoft Excel 2016 were used to analyze the data. Overall survival (OS) was defined as the time from diagnosis to death from any cause, and cancer-specific survival (CSS) was defined as the time from diagnosis to death specific to the cancer-related diagnosis. Demographic and clinical characteristics in the analysis included age at diagnosis (\<20, 20--40, and \>40 years), gender, tumor location (upper and lower limbs), decade of diagnosis (before the 2000s and in or after the 2000s), tumor stage (localized, regional, and distant), tumor size (\<5, 5--10, and \>10 cm), vital status, and radiation therapy (RT). We used "SEER Historic Stage A" to define the tumor stage. "Localized" was defined as an invasive neoplasm confined entirely to the organ of origin, but including intra-luminal extension where specified. "Regional" was defined as a neoplasm that had extended 1) beyond the limits of the organ of origin directly into surrounding organs or tissues; 2) into regional lymph nodes via the lymphatic system; or 3) by a combination of extension and regional lymph nodes. "Distant" was defined as a neoplasm that had spread to parts of the body remote from the primary tumor either by direct extension or by discontinuous metastasis (eg, implantation or seeding) to distant organs, tissues, or (via the lymphatic system) to distant lymph nodes.

The Kaplan--Meier method was used to construct the OS and CSS curves. The log-rank test was used to compare survival curves. The effects of demographic, tumor, and treatment variables were compared using log-rank tests for categorical variables. Observations were censored if the patients were alive at the time of the last follow-up. The Cox proportional hazards regression model was used to determine the independent prognostic factors for OS and CSS. Hazard ratios (HRs) with corresponding 95% CIs were used to show the effect of factors on OS and CSS. Differences were deemed statistically significant if *P*\<0.05.

Results
=======

In total, 385 patients diagnosed between 1983 and 2013 were identified from the SEER database. The patient demographics are listed in [Table 1](#t1-cmar-10-4181){ref-type="table"}. About one-third of the cases were alveolar subtype (143, 37.1%) and only three cases were mixed subtype (0.8%) (Table S1). Altogether, 164 of the patients (42.6%) were aged \<20 years, 52 (13.5%) were aged 20--40 years, and 169 (43.9%) were aged \>40 years. The study included 161 (41.8%) female and 224 (58.2%) male patients. Approximately three-quarters of the patients (74.3%) were born in or after the 2000s. It was found that 135 tumors (35.1%) occurred in upper limbs and 250 (64.9%) occurred in lower limbs. Based on SEER staging, 194 (50.4%) of the patients had a localized tumor, 125 (32.5%) were at the regional stage, and 66 (17.1%) were at the distant stage. Overall, 103 tumors (26.8%) were \<5 cm, 186 (48.3%) were 5--10 cm, and 96 (24.9%) were \>10 cm. More than half (62.3%) of the patients received RT. A total of 196 patients (50.9%) died, 140 of them due to RMS-related reasons. The 5- and 10-year OS rates for the entire cohort were 51.5% and 42.2%, respectively. The 5- and 10-year CSS rates were 56.7% and 50.7%, respectively.

We performed univariate analysis using the log-rank test to analyze prognostic factors ([Table 2](#t2-cmar-10-4181){ref-type="table"}, [Figures 1](#f1-cmar-10-4181){ref-type="fig"} and [2](#f2-cmar-10-4181){ref-type="fig"}). The test revealed that older age was significantly associated with a worse OS and CSS ([Table 2](#t2-cmar-10-4181){ref-type="table"}, [Figures 1A](#f1-cmar-10-4181){ref-type="fig"} and [2A](#f2-cmar-10-4181){ref-type="fig"}). Neither decade of diagnosis nor gender was significantly associated with OS, which was also the case for CSS. Tumor location was associated with significant differences in OS (*P*=0.008), but not in CSS (*P*=0.072). There were significant differences in both OS and CSS based on the extent of disease at presentation (OS: distant vs localized, *P*\<0.001; distant vs regional, *P*\<0.001; CSS: distant vs localized, *P*\<0.001; distant vs regional, *P*\<0.001). However, there was no significant dif ference between regional and localized (OS: *P*=0.292; CSS: *P*=0.205) ([Table 2](#t2-cmar-10-4181){ref-type="table"}, [Figures 1B](#f1-cmar-10-4181){ref-type="fig"} and [2B](#f2-cmar-10-4181){ref-type="fig"}). Smaller tumor size was a favorable prognostic factor for both OS and CSS (OS: \>10 vs 5--10 cm, *P*\<0.001; \>10 vs \<5 cm, *P*\<0.001; CSS: \>10 vs 5--10 cm, *P*\<0.001; \>10 vs \<5 cm, *P*\<0.001; 5--10 vs \<5 cm, *P*=0.032) ([Table 2](#t2-cmar-10-4181){ref-type="table"}, [Figures 1C](#f1-cmar-10-4181){ref-type="fig"} and [2C](#f2-cmar-10-4181){ref-type="fig"}). However, for OS, the difference between the 5--10 cm group and the \<5 cm group was not significant. In terms of treatment, patients who did not receive RT had worse OS and CSS than patients who underwent RT (*P*\<0.001 and *P*=0.006, respectively) ([Table 2](#t2-cmar-10-4181){ref-type="table"}, [Figures 1D](#f1-cmar-10-4181){ref-type="fig"} and [2D](#f2-cmar-10-4181){ref-type="fig"}).

The results of the multivariate analyses for all patients are shown in [Table 3](#t3-cmar-10-4181){ref-type="table"}. The independent predictors of OS and CSS were age at diagnosis, tumor stage, tumor size, and RT. However, multivariate analysis showed no significant difference in OS by primary tumor location (OS: *P*=0.327).

Discussion
==========

RMS is a rare malignant tumor. It can infiltrate adjacent tissues and metastasize distally. Prognostic factors for RMS of the head, neck, and other sites have been highlighted in many reports. However, there are rarely corresponding studies on RMS of the limbs after surgery. To the best of our knowledge, this study has the largest sample among studies on postoperative survival prognosis among patients with RMS of the limbs. The data were retrieved from the US National Cancer Institute (NCI) SEER database, which is the largest registry of cancer incidence and survival. SEER data are collected in a unified standard manner and are of high quality, which ensures that the SEER cancer registry has a low rate of errors. Furthermore, unlike most analyses in clinical studies, our population-based analysis included all cases of RMS of the limbs after surgery, regardless of whether formal treatment protocols were used, comorbidity, or other prognostic or personal factors. Moreover, the study used multivariate regression analysis to identify possible independent prognostic factors for survival.

In the current study, we retrieved data on 385 cases of RMS of the limbs after surgery from the SEER database between 1983 and 2013. The 5- and 10-year OS rates (51.5% and 42.2%, respectively) of RMS of the limbs in this study were consistent with previous study results (50% and 44%, respectively).[@b4-cmar-10-4181] We found that age at diagnosis, stage of disease, tumor size, and RT were independently associated with patient survival time in terms of both OS and CSS. Older age at diagnosis, metastasis, larger tumor size (\>10 cm), and no RT led to a poor prognosis.

Survival by age
---------------

Different survival rates by age of diagnosis have been observed in many studies.[@b5-cmar-10-4181]--[@b7-cmar-10-4181],[@b11-cmar-10-4181] Sultan et al[@b4-cmar-10-4181] studied 2,600 patients with a diagnosis of RMS and revealed that the outcome for adults is consistently worse than that for children regardless of clinical characteristics. Our study found similar results in that the older the patient, the higher the risk of poor OS. In the multivariate analysis of OS, for patients aged 20--40 years, the HR was 2.206 (*P*=0.001), and for those aged \>40 years, the HR was 3.313 (*P*\<0.001). The reason for the different OS rates remains unknown. Komdeur et al[@b15-cmar-10-4181] observed an increased expression in adult RMS patients of multidrug-resistant proteins, such as lung resistance-related protein, which may explain their worse survival. Another possible explanation is that pediatric RMS is more sensitive to chemotherapy than adult RMS. Stevens et al found that chemotherapy led to complete remission in \>93% of children.[@b16-cmar-10-4181] A single-center retrospective analysis found that adults with RMS had a poor outcome, and the outcome was similar when adults adhered to the current guidelines for the treatment of pediatric RMS, but they also found that the rate of response to chemotherapy in adults was similar to the rate typically observed among children.[@b17-cmar-10-4181] Nonetheless, age remains an important postoperative prognostic factor in RMS of the limbs. Our results indicated that patients aged \<20 years have better survival.

Survival by gender, tumor location, and decade of diagnosis
-----------------------------------------------------------

Our results were consistent with previous results showing no differences in survival by gender or year of diagnosis. For example, a previous study of RMS indicated that there were no differences in survival by gender or year of diagnosis (1979-- 2005).[@b18-cmar-10-4181] Punyko et al[@b5-cmar-10-4181] also reported that gender and year of diagnosis (1979--2000) were not found to be significantly associated with survival time among children with RMS.

In addition, a study showed that survival rates for RMS of the female genital tract were not significantly different from RMS in different locations (cervix, uterus, and vagina).[@b9-cmar-10-4181] In contrast, a population-based study showed that mortality rates were higher for children with RMS of the non-orbital head and neck regions, extremities, and all other sites combined compared to those with genitourinary RMS.[@b5-cmar-10-4181] Other studies also reported worse survival rates for RMS at unfavorable sites.[@b4-cmar-10-4181],[@b18-cmar-10-4181] Tumor locations were classified as favorable or unfavorable sites based on criteria used for staging pediatric tumors. The favorable sites included the head and neck (non-parameningeal), genitourinary regions (non-bladder/prostate), and bile duct regions, and all other sites were classified as unfavorable. Some of the above results conflict with each other. Moreover, our univariate analysis results showed a significant difference in OS by tumor location (*P*=0.008), but the multivariate analysis results for both OS and CSS did not show any significant differences. Thus, whether different RMS locations have an influence on survival time needs further verification.

Survival by tumor stage
-----------------------

Many authors concluded that local and regional control is the most important factor in improving long-term survival.[@b19-cmar-10-4181]--[@b21-cmar-10-4181] Turner and Richmon[@b11-cmar-10-4181] reported that the prognosis for RMS of the head and neck is largely dependent on the extent of disease at diagnosis. Yang et al[@b22-cmar-10-4181] showed that the 5-year OS rates of patients with localized tumors (84.0%) and regional disease (72.4%) were better than those for patients with distant metastasis (35.7%). In our study, localized and regional RMS of the limbs also led to a higher postoperative survival than distant RMS, which is consistent with previous findings which showed that distant RMS has an unfavorable prognosis.

Survival by tumor size
----------------------

For smaller tumors with no evidence of metastasis, surgical extirpation alone may be the definitive treatment.[@b23-cmar-10-4181]--[@b25-cmar-10-4181] Unsal et al and Panda et al have affirmed that RMS tumor size \>5 cm is a prognostic factor for poor survival.[@b7-cmar-10-4181],[@b26-cmar-10-4181] Another study limited to RMS of the head and neck also supports the above finding.[@b27-cmar-10-4181] Ferrari et al also suggested that initial tumor size was a significant prognostic factor in RMS.[@b28-cmar-10-4181] Our study showed that tumor size \>10 cm was a prognostic factor for both poor OS and CSS. The differences between studies may be related to the different site of the primary tumor. Orbital or sinus RMS may have more obvious clinical symptoms when the tumor is smaller. Turner and Richmon found that most orbital tumors (60.6%) presented with localized disease.[@b11-cmar-10-4181] In contrast, when the tumor occurs in the extremities, especially in muscular sites, it can be easily overlooked by patients (especially patients with low economic status) because the clinical symptoms are often negligible (when the main vasculature and nerves in the extremities are not affected).

Survival by RT
--------------

A single-center retrospective analysis[@b29-cmar-10-4181] reported that the use of intensity-modulated radiation therapy (IMRT) was significantly associated with reduced local recurrence compared with conventional external-beam RT for primary soft tissue sarcoma of the extremities, despite a preponderance of higher-risk features (especially close/positive margin) in the IMRT group. Stevens reported that systematically using RT as a primary treatment for RMS may increase the rate of local control, but it can result in important long-term problems, particularly in very young children.[@b30-cmar-10-4181] According to the International Rhabdomyosarcoma Study Group, adjuvant RT is recommended for patients with microscopically positive margins, gross residual disease after surgery, distant metastases on initial diagnosis, or alveolar histology.[@b31-cmar-10-4181],[@b32-cmar-10-4181] A population-based study involving 1,578 patients with RMS suggested that the 5-year CSS rate would improve from 48% with surgery alone to 60% with adjuvant RT.[@b33-cmar-10-4181] In a study by Yang et al, RT showed a weak but significant association with prognosis: the 5-year OS was 65.6% in patients with RT compared with 62.7% in those without RT (*P*=0.045).[@b22-cmar-10-4181] Other studies also confirmed that RT was associated with improved survival.[@b6-cmar-10-4181],[@b34-cmar-10-4181]

However, these results conflict with the results of other studies. Lee et al[@b6-cmar-10-4181] documented that RT was not associated with a survival advantage for patients with localized and regional RMS, but only for patients with distant RMS. Perez et al[@b18-cmar-10-4181] came to the same conclusion as Lee et al. A population-based analysis[@b6-cmar-10-4181] of patients with sinonasal RMS also showed that there were no significant differences in outcomes among patients who underwent surgery, RT, or combined treatment.

The impact of therapy is influenced by the location of the primary tumor and the amount of local disease remaining after surgical resection at the time RT is initiated.[@b35-cmar-10-4181] Our results showed that RT led to a favorable prognosis regarding both OS and CSS. There was a significant difference not only in the univariate analyses (*P*\<0.001 and *P*=0.006, respectively) but also in the multivariate analyses (*P*\<0.001 and *P*=0.011, respectively).

Strengths and limitations
-------------------------

In our study, we excluded all cases for which the tumor size, stage, and RT status were unknown, to improve the validity of our results. In addition, data from the SEER database offer high statistical power owing to the collection of data from multiple centers, which allows for the investigation of rare tumors such as RMS of the limbs. However, the study has several limitations. These include the fact that there were no data on chemotherapy, surgical margin status, surgical type, nodes status, and RT dose.

Conclusion
==========

Significant prognostic factors that improve postoperative survival among patients with RMS of the limbs include young age, no metastasis at diagnosis, smaller tumor size (\<10 cm), and RT. No significant differences in survival were observed for gender, tumor location, or decade of diagnosis. This study may provide patients and clinicians with a reference for treatment options.

Supplementary material
======================

###### 

Subtypes of 385 patients with RMS of the limbs after surgery identified in the SEER database from 1983 to 2013

  Subtype of RMS      Value
  ------------------- -------------
  RMS, NOS            57 (14.8%)
  Pleomorphic type    117 (30.4%)
  Mixed type          3 (0.8%)
  Embryonal type      47 (12.2%)
  Spindle cell type   18 (4.7%)
  Alveolar type       143 (37.1%)

**Abbreviations:** SEER, Surveillance, Epidemiology, and End Results; RMS, rhabdomyosarcoma; NOS, not otherwise specified.
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![Kaplan--Meier method estimated OS in patients with RMS of the limbs after surgery, stratified by (**A**) age at diagnosis (years), (**B**) tumor stage, (**C**) tumor size (cm), and (**D**) radiation treatment.\
**Abbreviations:** OS, overall survival; RMS, rhabdomyosarcoma.](cmar-10-4181Fig1){#f1-cmar-10-4181}

![Kaplan--Meier method estimated CSS in patients with RMS of the limbs after surgery, stratified by (**A**) age at diagnosis (years), (**B**) tumor stage, (**C**) tumor size (cm), and (**D**) radiation treatment.\
**Abbreviations:** CSS, cancer-specific survival; RMS, rhabdomyosarcoma.](cmar-10-4181Fig2){#f2-cmar-10-4181}

###### 

Clinical characteristics of 385 patients with RMS of the limbs after surgery identified in the SEER database from 1983 to 2013

  Category                                             Value
  ---------------------------------------------------- -------------
  **Age at diagnosis (years)**                         
  \<20                                                 164 (42.6%)
  20--40                                               52 (13.5%)
  \>40                                                 169 (43.9%)
  **Gender**                                           
  Female                                               161 (41.8%)
  Male                                                 224 (58.2%)
  **Decade of diagnosis**                              
  \<2000s                                              99 (25.7%)
  ≥2000s[a](#tfn1-cmar-10-4181){ref-type="table-fn"}   286 (74.3%)
  **Location**                                         
  Upper                                                135 (35.1%)
  Lower                                                250 (64.9%)
  **Tumor stage**                                      
  Localized                                            194 (50.4%)
  Regional                                             125 (32.5%)
  Distant                                              66 (17.1%)
  **Tumor size**                                       
  \<5 cm                                               103 (26.8%)
  5--10 cm                                             186 (48.3%)
  \>10 cm                                              96 (24.9%)
  **Radiation treatment**                              
  Yes                                                  240 (62.3%)
  No                                                   145 (37.7%)
  **Dead**                                             
  Yes                                                  196 (50.9%)
  No                                                   189 (49.1%)
  **5-year OS rate**                                   51.5%
  **5-year CSS rate**                                  56.7%
  **10-year OS rate**                                  42.2%
  **10-year CSS rate**                                 50.7%

**Note:**

2000--2013 year.

**Abbreviations:** SEER, Surveillance, Epidemiology, and End Results; OS, overall survival; CSS, cancer-specific survival, RMS, Rhabdomyosarcoma.

###### 

Univariate analysis of variables in patients with RMS of the limbs after surgery using the Kaplan--Meier method

  Category                       OS (log-rank *P*-value)   CSS (log-rank *P*-value)
  ------------------------------ ------------------------- --------------------------
  **Age at diagnosis (years)**   **\<0.001**               **\<0.001**
  \>40 vs \<20                   **\<0.001**               **\<0.001**
  \>40 vs 20--40                 0.173                     0.662
  20--40 vs \<20                 **0.002**                 **0.003**
  **Gender**                     0.431                     0.151
  **Decade of diagnosis**        0.675                     0.191
  **Location**                   **0.008**                 0.072
  **Tumor stage**                **\<0.001**               **\<0.001**
  Distant vs localized           **\<0.001**               **\<0.001**
  Distant vs regional            **\<0.001**               **\<0.001**
  Regional vs localized          0.292                     0.205
  **Tumor size**                 **\<0.001**               **\<0.001**
  \>10 cm vs 5--10 cm            **\<0.001**               **\<0.001**
  \>10 cm vs \<5 cm              **\<0.001**               **\<0.001**
  5--10 cm vs \<5 cm             0.081                     **0.032**
  **Radiation treatment**        **\<0.001**               **0.006**

**Note:** Statistically significant values (*P*\<0.05) are indicated in bold.

**Abbreviations:** OS, overall survival; CSS, cancer-specific survival; RMS, Rhabdomyosarcoma.

###### 

Multivariate analysis for OS and CSS for patients with RMS of the limbs after surgery

  Variable                  OS                     CSS                                  
  ------------------------- ---------------------- ------------- ---------------------- -------------
  **Age (years)**                                  **\<0.001**                          **\<0.001**
  \<20                      1                                    1                      
  20--40                    2.206 (1.379--3.530)   **0.001**     2.213 (1.334--3.670)   **0.002**
  \>40                      3.313 (2.333--4.704)   **\<0.001**   2.805 (1.865--4.217)   **\<0.001**
  **Location**                                     0.327                                --
  Upper                     1                                    --                     
  Lower                     1.172 (0.853--1.609)   0.327         --                     --
  **Tumor stage**                                  **\<0.001**                          **\<0.001**
  Localized                 1                      0.170         1                      
  Regional                  1.280 (0.899--1.820)                 1.384 (0.909--2.108)   0.129
  Distant                   5.043 (3.389--7.504)   **\<0.001**   5.357 (3.391--8.463)   **\<0.001**
  **Tumor size**                                   **0.003**                            **0.006**
  \<5 cm                    1                                    1                      
  5--10 cm                  1.165 (0.797--1.703    0.431         1.332 (0.834--2.128)   0.230
  \>10 cm                   1.945 (1.263--2.996)   **0.003**     2.204 (1.310--3.706)   **0.003**
  **Radiation treatment**                          **\<0.001**                          **0.011**
  Yes                       1                                    1                      
  No                        1.703 (1.279--2.267)   **\<0.001**   1.559 (1.108--2.193)   **0.011**

**Note:** Statistically significant values (*P*\<0.05) are indicated in bold.

**Abbreviations:** OS, overall survival; CSS, cancer-specific survival; HR, hazard ratio; RMS, rhabdomyosarcoma.
